Introduction
Over the past 2 decades, regional anesthesia in children has evolved from a specialty performed infrequently in select institutions to become a practice performed frequently in many pediatric facilities worldwide. There are many reasons for this widespread evolution in pediatric pain management. One driving force has been the heightened awareness and improved assessment of pain in children. Until fairly recently, the impact of pain in children was not well appreciated. Whether a result of tissue injuries due to medical illness, therapeutic and diagnostic procedures, trauma or surgery it can cause significant morbidity and delay recovery.
Fortunately, the development and validation of pain assessment tools specific to the pediatric population afforded clinicians opportunities to improve treatment modalities for children. 4, 5 Regional anesthesia has come to play a major role in pain treatment strategies, whatever the course. This chapter reviews regional pain management in children undergoing outpatient or short-stay surgery, describing potential risks and complications, indications for regional anesthesia, and appropriate patient selection criteria. ' 
Indications for Regional Anesthesia in Pediatric Patients

Benefits of Regional Anesthesia
Although opioids have long been the mainstay of acute pain management, a multimodal approach to preventing and relieving pain is becoming more widely accepted. Opioids elicit unwanted side effects such as nausea, vomiting, pruritis, somnolence, urinary retention, and hypoventilation. 6 The combination of nonopioid analgesics, local and regional analgesia, and low-dose opioids as needed frequently minimizes these unwanted side effects.
The time until the discharge criteria is met indicates the length of time elapsed from the end of surgery until a patient is deemed ready for discharge after surgery. As the length of this time period varies among patients, it is influenced by anesthetic technique and drives costs, and is often used as a measure of cost-effectiveness for anesthetics. 7 Many of the qualities inherent to regional anesthetic techniques make it the ideal, cost-effective outpatient anesthetic. 8 The use of regional blockade affords the anesthetist the ability to reduce, if not eliminate, the need for parenteral opioids along with opioid-induced nausea and vomiting, a common cause of discharge delay after ambulatory surgery. 9 The ability to provide site-specific analgesia coupled with the ability to reduce opioid requirements yields patients who are comfortable and symptom-free in the recovery room. Further, decreasing the time required to meet discharge criteria when patients receive regional anesthesia is the likelihood that these patients will be more alert during the recovery phase, as the ability to diminish opioid administration decreases opioid-induced lethargy. The improved patient outcomes experienced in the recovery room lend themselves to increased nursing efficiency, as fewer interventions are necessary, thereby reducing system factor delays and freeing up postanesthesia care unit (PACU) resources. Insertion of peripheral nerve catheters to provide continuous analgesia for days offer a means to substantially prolong analgesia into convalescence at home, thereby decreasing the length of hospitalization, decreasing associated costs, and shortening the time to rehabilitation.
Patient Selection
One of the keys to successful control of postoperative pain and overall patient satisfaction is aligning the expectations of patients and family with achievable and realistic goals. It is our practice to carefully select patients for regional anesthesia, screen them for appropriate criteria, and prepare them thoroughly in advance of the procedure. In tandem with the surgeons, we explain all available pain control modalities to both the child and the parent. Quite often, it is the patient's expectation that regional anesthesia will prevent any pain upon awakening from surgery, which in many instances is simply an unrealistic outcome. An insensate extremity from regional anesthesia can potentially cause anxiety or distress postoperatively; it is imperative to discuss this in advance and choose the proper method of pain control.
Many pediatric patients, particularly adolescents, are ideal candidates for opioid-sparing regional anesthesia techniques. Patients with history of postoperative nausea and vomiting are excellent candidates for regional blockade. Studies indicate that nonsmoking teenage females who receive opioid medications perioperatively are at greatest risk for nausea and vomiting. In addition, a growing number of adolescents who have undergone rehabilitation for substance abuse require nonopioid pain control alternatives.
Although there are no absolute contraindications to regional anesthesia in children, certain conditions generate cause for consideration. These conditions include skin lesion at the proposed site of injection, a severe systemic infection, severe thrombocytopenia, allergy to the local anesthetic (LA), preexisting neurologic injury or neuropathy in the nerve to be blocked, and patient and/or parental refusal. A bandage, brace, or cast on the operative limb, while not a strict contraindication, requires increased monitoring for signs of compression or decreased perfusion.
Anatomic Considerations
Significant anatomic and physiological differences exist between adults and children in the provision of regional anesthesia. Children are smaller than adults, requiring greater precision through slow movements and fine adjustments of the needle to inject LA. Needle length and depth of nerve change between pediatric age groups. Volume of distribution, rate of bone growth and ossification, and termination of the spinal cord and dural sac with reference to the bony spine, all change from infancy to adolescence and impact drug dose, needle location, and identification by ultrasound.
Fortunately, anatomic benefits also exist in children. For instance, nerves are easily blocked with LAs because of their thin myelin sheath, short intermodal distance, and small fiber diameter. The loose connective tissue around neuraxial structures and nerve sheaths allows wide spread of LAs and easy advancement of indwelling nerve catheters for continuous peripheral nerve blockade. 10 
'
Advances in Regional Anesthesia
Combined General and Regional Anesthesia
The subject of performing regional anesthesia on deeply sedated or anesthetized adults is hotly debated, yet there is substantially less debate among pediatric anesthesiologists regarding the same practice in children. In fact, the standard practice among the majority of pediatric anesthesiologists is to perform all major regional blocks under general anesthesia or deep sedation. Recent practice advisory guidelines by the American Society of Regional Anesthesia state, "The benefit of ensuring a cooperative and immobile infant or child may outweigh the risk of performing neuraxial regional anesthesia in pediatric patients undergoing general anesthesia or heavy sedation." The reasons for this practice difference are apparent. Infants and young children are likely to move or protest from needle stick, nerve stimulators, or the cold ultrasound transducers and lubricant. In most instances, regional blockade in children would be impossible in the absence of deep sedation or general anesthesia.
The explanation for this drastic practice difference derives from the risk-to-benefit balance between these 2 cohorts. For instance, a valid argument for keeping adults awake during regional blocks is to maintain the ability of the patient to warn the practitioner of subjective signs of intravascular injection. Infants and young children are incapable of communicating this sort of information regardless of their state of wakefulness. Moreover, anesthesia or deep sedation makes the use of ultrasound and nerve stimulators much easier and reduces the risk of sudden movement in children. Therefore, the basis for managing children differently than adults stems from the fact that adults should be able to lie still in the absence of general anesthesia and convey potentially valuable safety information that could not be obtained from a conscious child. 11 Recent studies demonstrate that regional blockade can be done in a safe and effective manner during anesthesia, further supporting this practice among pediatric anesthetists. 12 In summary, performing regional anesthesia with the patient under general anesthesia can provide an ideal environment for successful nerve blockade. Given that regional anesthesia depends upon the accuracy of needle guidance and the injection of local anesthesia in relation to the targeted nerve, having an immobile patient becomes paramount. 13 General anesthesia also eliminates anxiety, pain, and fear of needle insertion in a conscious child, allowing for placement in an unimpeded, proficient manner.
Tools of the Trade
Ensuring facile placement of peripheral nerve blocks requires several key pieces of equipment before the start of a procedure. At the minimum, a high-frequency linear array and low-frequency curved array ultrasound probes should be available to optimally visualize anatomy. Nerve block needles, either insulated or noninsulated, should be available in a variety of lengths, to accommodate variance in individual body habitus and specific nerve location. When placing a peripheral nerve block catheter, a tuohy needle, epidural catheter, and dressing supplies will be needed. Several manufacturers produce kits that contain all the supplies requisite for peripheral nerve catheter placement. Elastomeric pumps are employed to deliver LA in a ratebased manner through peripheral nerve catheters. Standard American Society of Anesthesia monitors, oxygen, suction, and pillows or padding for positioning should be on hand. Additional supplies include a nerve stimulator; sterile drape, gloves, and gown; ultrasound jelly and probe sleeves; and LA. It is also advisable to confirm the availability of a LipidRescue kit, in addition to the LipidRescue protocol, as part of the preprocedure checklist in the event of an intravascular injection. At Cincinnati Children's, we employ a "block cart" containing the tools of the trade along with a preprocedure checklist to confirm their availability.
LAs: Common Drugs and Dosages
Regional anesthesia blockade requires the use of LAs, either alone or with another drug to prolong or increase efficacy of a block. LAs are highly effective but potentially dangerous unless maximum recommended doses are calculated before administration. LA blocks sodium channels, thereby interrupting the propagation of nerve impulses. Systemic absorption of LA may block sodium channels in the central nervous or cardiovascular system, leading to seizures, tachyarrhythmias, and death from apnea or cardiovascular collapse. 14 Before administering LA to young children, some important pharmacodynamic principles must be kept in mind: (1) continuous infusions entail the potential for toxicity stemming from the prolonged elimination half-lives of LA; (2) LA decrease the seizure threshold for seizure disorders; (3) decreased albumin and a-1-acid glycoprotein serum levels in infants decrease binding of LA and therefore increase blood concentrations of the free drug, increasing the potential for toxicity. 15 Although administering a low LA dose has been recommended to test proper needle or catheter location before full administration, it is neither practical nor sensitive in children because most blocks are performed under anesthesia or deep sedation. We do not routinely inject a low "test dose" for the following reasons: (1) detection of accidental intravascular or intraosseous injection is not reliable during anesthesia or deep sedation 16 ; (2) LA toxicity is extremely rare in pediatrics when the drug dose guidelines are followed and the procedure is performed properly; (3) as ropivicaine gains favor over bupivacaine or lidocaine, its intrinsic vasoconstrictive properties eliminate the need for addition of epinephrine.
Bupivicaine and ropivicaine remain the most commonly used LAs for regional analgesia at most institutions. Bupivicaine possesses the least desirable toxicity profile among the amide LAs; the ratio of cardiotoxic to convulsant dose for this drug is lower than that for most other LAs; and cardiotoxicity from bupivicaine is quite refractory to treatment. Despite these adverse properties, it remains the most commonly used drug for regional anesthesia in infants and children. The toxic plasma concentration of bupivicaine is 4 mg/mL. The maximum single bolus of bupivicaine is 2.5 to 3.0 mg/kg and the maximum infusion rate is 0.4 to 0.5 mg/kg/h in older infants and children, and 0.2 to 0.25 mg/kg/h in neonates. Most of the serious adverse effects from bupivicaine have been associated with doses in excess of these maximums.
Ropivicaine, an enantiomerically pure LA with the same potency as bupivicaine, is now the LA of choice at our institution for regional blockade because it possesses the same pharmacokinetic profile as racemic bupivicaine with less cardiotocixity and motor blockade. Studies in children indicate that 0.2% ropivicaine is equianalgesic to 0.25% bupivicaine, giving it a safer therapeutic index. 17 Loading doses of 0.2% of ropivicaine for epidural anesthesia in infants and children range from 0.5 to 0.85 mL/kg. Concentrations in epidural injections range from 0.2% to 0.25% in a volume of 1 mL/kg. In caudal, lumbar, or thoracic epidural anesthesia, ropivicaine and bupivicaine produce equivalent analgesia. 18 As no method of administering a test dose has proven infallible, slow and incremental dosing with constant monitoring and observation remains the standard of safe administration.
Neuraxial Anesthesia
Since August Bier performed the first spinal block in 1898, the central nervous system has been utilized as a target for anesthesia. The most common regional anesthetic for many years in pediatrics occurred by injecting local anesthesia around the central nervous system. Of the types of neuraxial anesthesia, epidural block by caudal route is by far the most popular technique in pediatrics, followed by lumbar route, thoracic route, and rarely spinal block. 6, 19 With the rise in popularity of ultrasound-guided peripheral nerve block, neuraxial blocks are falling in number. 20 Truncal blocks include lumbar plexus blocks, paravertebral blocks, and transversus abdominus plane blocks. The truncal block enables regional anesthesia for those not eligible for neuraxial techniques. 20 Epidural anesthesia is not recommended in patients with tethered spinal cord, myelomeningocoele, previous spine surgery or paraplegia, whereas truncal blocks are not contraindicated.
Benefits of neuraxial anesthesia include improved postoperative pain control; decreased intraoperative anesthetic requirements; blunted adverse physiological response to surgery; earlier ambulation postoperatively; decreased opioid use and side effects; and decreased hypercoagulable events. 21 Risks of neuraxial anesthesia include neurological injury from trauma, infection, ischemia, hypotension, seizures, and cardiac arrest. 18 Absolute contraindications to neuraxial anesthesia include patient or parent refusal, local infection at injection site, increased intracranial pressure, severe hypovolemia, severe coagulopathy, and allergy to LA. Relative contraindications include sepsis, neurological dysfunction, anatomic abnormalities, and tattoos at the site of injection.
Caudal Epidurals
Caudal epidurals are done for surgical procedures of the pelvis, bladder, perineum, and sex organs. Examples include club foot repair, orchidopexy, hypospadias repair, or ureteral reimplantation. 22, 23 Caudal epidurals are commonly performed in patients less than 7 years of age and rarely in older children for a variety of reasons. In older children, the size of the roots that comprise the sciatic nerve impede penetration of LA of these nerves, preventing more distal structures (beyond the knee) from receiving complete blockade. Older children are also difficult to carry if motor block persists and prevents ambulation. Although it is more difficult to find the caudal space in older patients because of thickening of the sacrococcygeal ligament, caudal epidurals have been performed in adults.
Although caudal analgesia failure rate varies among institutions, it has been reported to be as high as 20%. 24 Caudal anesthesia occurs by injecting LA into the distal or caudal end of the epidural space, approached at the lower end of the bony spine. Typically, the point of access, the sacral hiatus, is found approximately 5 cm cephalad from the coccyx. Distance from the skin to the epidural space is 10 mm+(2Âage in mm). The needle passes in the space midline between the sacral cornua, at a nearly 45-degree angle facing the cephalad. Resistance is encountered as the needle passes through the sacrococcygeal ligament. After loss of resistance, the LA is injected incrementally or a test dose may be given. If the test dose is negative, then fractionated dosing of the LA is completed.
The vast majority of caudal epidurals are "single shot" for same-day surgery, but if the length of surgery is >3 hours, a second injection at half-dose may be performed at the end of surgery to prolong analgesia. LAs can be continuously infused through catheters. Caudal catheters are inserted in neonates and young infants (less than 6 mo) for major abdominal, thoracic, or cardiovascular surgery. Imaging aids accurate catheter or LA placement. 25 The options for imaging include fluoroscopy, nerve stimulation, x-ray with contrast, or ultrasound. The advantage of ultrasound is immediate feedback, equipment availability, ease of use, and absence of radiation exposure. The disadvantage is poor imaging because of smaller bony windows in children and adults.
Adjunct medicines may be added to prolong the duration or density of the blockade. Neostigmine, ketamine, and midazolam have all been injected with variable success, but the most commonly utilized are clonidine, fentanyl, and morphine. These additives prolong analgesia. The clonidine dose is 1 to 3 mcg/kg; higher doses do not improve pain control, but increase somnolence. 26 Morphine dose is 50 mcg/kg. 27 When epidural and intravenous opioids are administered together, respiratory depression can occur as long as 18 hours after epidural administration.
Lumbar/Thoracic Epidurals
Lumbar and thoracic epidurals are commonly utilized for major orthopedic, abdominal, and thoracic cases. In contrast to the caudal route, these routes entail a catheter and infusion and rarely function as a single injection. Insertion of the catheter for abdominal/pelvic surgery is at L4-L5, located between the posterior superior iliac spine along the pelvic rim. The target for thoracic surgery is at the level of T6, located approximately at the distal aspect of the scapula. Increasingly, epidurals are inserted at the exact level to provide analgesia based on incision location. Table 1 is a guide to epidural catheter placement based on location of surgical incision and corresponding spinal segmental levels to target analgesia. Before injection of a LA solution, the needle or catheter is aspirated for signs of blood or cerebrospinal fluid. Because a negative aspirate may not guarantee correct needle or catheter position, a test dose is administered using LA and epinephrine in a concentration of 1:200,000 to mark an intravascular injection. 16 The patient is then observed for the following symptoms during 60 seconds after injection: increase in heart rate by 10 beats/min; increase in systolic blood pressure by 10%; increase in T-wave amplitude by 25%.
Rather than using a single medication for epidural infusion, combinations of drugs are administered to target the mechanisms producing pain by different pharmaceutical routes while reducing side effects by minimizing the dose of each individual medication (Tables 2  and 3 ). Combinations of LAs and opioids are common. When drugs are combined, care must be taken to observe the toxicity of each drug. LA toxicity is a more immediate concern when bolus dosing the epidural. Opioid toxicity, specifically respiratory depression, is more common than LA toxicity, but appears much later. Opioid additive can vary with the clinical scenario. 28 For instance, more epidural spread is desirable for abdominal procedures, whereas less spread is useful for thoracic procedures. Therefore, the more lipophilic fentanyl is useful for thoracic epidurals, and the more hydrophilic hydromorphone for lower thoracic and abdominal procedures. Clonidine, an a-2 agonist producing a central sympathetic blockade and analgesia, is an excellent choice for patients at risk for neuraxial opioid toxicity; clonidine can be used for single injection or mixed with infusions for catheters. 28 Intrathecal dosing of medication is uncommon in children, but is occasionally used for overnight stay postoperative pain control of urologic, orthopedic, or general surgery. The intrathecal space is accessed by a 22-or 25-G spinal needle inserted through the lower lumbar (L2-L4) intervertebral spaces. A pain management service follows these patients and monitors for respiratory depression with emphasis placed on vital signs and level of consciousness. Standard continuous monitoring and pain score assessment are used. Rules for prescribing pain medications by surgical services minimize inadvertent intravenous-intrathecal opioid side effects. In addition to the risk of hypotension induced by LAs, side effects from intrathecal opioids include urinary retention, pruritis, nausea, and emesis. 
Peripheral Nerve Blocks
Peripheral nerve blocks have become increasingly popular as a technique for acute postoperative pain management, providing good alternatives to intravenous opioids or neuraxial analgesia. Peripheral techniques offer better analgesia with fewer side effects than intravenous techniques, and better target sensory and motor block than neuraxial analgesia, resulting in minimal sympathetic block and hemodynamic disturbances and less risk of catastrophic complications such as spinal hematomas and abscesses. 30 The use of nerve stimulators and ultrasound to perform regional blockade has made it practical, safe, and effective. Table 4 describes indications for common regional blocks in children along with LA dosing and potential complications.
Single Injection Versus Continuous Infusion
Over the past several years, pediatric ambulatory surgery centers have followed in the footsteps of adult outpatient centers and found success in discharging certain patients with continuous nerve block catheters infusing LA through elastomeric pumps. With the aid of postoperative follow-up, often using home health nursing, 2 to 3 days of regional blockade can be employed for the most painful period of convalescence. A meta-analysis compared continuous perineural analgesia with intravenous opioid analgesia. 31 Continuous nerve blockade provided statistically better analgesia at rest and during activity for 48 to 72 hours postoperatively with less nausea, sedation, and pruritus but, not surprisingly, increased motor blockade. 30 
'
Risks and Complications
Performing regional blockade under general anesthesia continues to generate concern for potential complications. However, complications in children remain extremely rare, and when they occur are attributed to the technique rather than the use of general anesthesia. 32 In a seminal publication that prospectively studied >20,000 blocks, Giafré et al 1 found severe adverse events from pediatric regional anesthesia to be very rare. The study described an overall complication rate of approximately 1:1000 blocks without any long-term sequelae or medicolegal actions from these complications. 33 Neuraxial blockade continues to exhibit a far higher incidence of complications compared with peripheral blockade, the former being 6 times more frequent than the latter. 33 Compared with epidural catheters, peripheral nerve catheters remain associated with a lower incidence of complications, as most complications associated with peripheral nerve catheters result from mechanical problems with the catheter rather than harm to the patient. Although the utilization of ultrasound has the potential to decrease the likelihood of injuries such as intraneural injection, intravascular injection, or pneumothorax, this benefit is only appreciated after skill with ultrasound-guided techniques are established. 
Our Experience to Date
Over the last several years, we have witnessed a dramatic increase in the utility of regional anesthesia to abate postoperative pain. We have refined postoperative pain management protocols, with regional anesthesia being the standard of care for many surgeries. With this practice, we find decreased use of opioids in PACU, and improved patient and surgeon satisfaction. In addition, patients now report improved pain control scores on the first and second day postoperatively, and few undesired sequelae. Although discharging patients with an insensate extremity and lack of protective reflexes remains controversial, available data and our own experience indicate that risk of injury is relatively small. 8 We have found success with close follow-up through telephone and home health nursing and have used these contacts as opportunities to gather data and provide education. Appropriate patient selection and thorough patient education from anesthesiologists and PACU nurses before discharge have also been the keys to success.
